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A einmle procedure for preparing pure malachite green 
Levcocyanide ()j,h'=tet sherry ‘Lacetoni.trile) 
4s ovtRined. [he leucocyanide, a elorleas salt insoluble in 
enter, when Cleschved in tenkaing wclvemte ensily wstergore 
ultraviolet photolysis to form the do typical of malachite 
green, with a sureested quantun yleld of wiity. 

Typical indirect effects are observed when acotons, 
bemayl alechol, acetoacetic ester, methyi alcohol, benzene 
or acetic acid solutions of the leucocyan'ide ane irradiated 





with 200 Kev “lays or ) “ev betatron gamma rays. The color 
produced in the irradiated solutions is deterained in terns 
of vervent tranenission of Licht of 61:00 Ancetroem Trite wave~ 
length, end te comared quantitatively with standard solutions 
of known concentrations of malachite screen oxalate in the sol- 
Vosts omploved. Fither acetic acid or dilute hydrochloric 
acic igs added to each t=enbte-—<an 


coler 


dard to stabilise the wsttesk-—aemeccy of the dye formed. 





Beer sessile or color stan~ 


|5706 








Color formation upon irradiation of the leucocyanitde in 
dilute solution in benzyl aleohol or acetone wes found te de 
lineer with X-jtay dosage from sore to 8000 Roenteens (r), 
and in benzyl aleohol was found not to de eritieally dependent 
upon radiation wavelength, dose rate, wall effects or aeid 
eontent during irradiation. Dye formation wes found to be 
denendent upon the ecencentration of leucoevyenide Cissolved 
in bengyl aleohol. At the maximum concentration studied, 
0.0525 gram molen of loucocyenide per liter of benzyl aleohel, 
& solution dese of 3200 r of Y-Neays predueed 4.90 micromoles 
of dye per liter, estimated to be equivalent to an tonio 
yield of 0.5 moleewles of dye forzed for esch ton=pair created 
in the solvent by the abeorbed radiation, 

The leuecocyanide 2t this concentration in benzyl alcohol, 
when irrediated with ‘eReys or famme rays ant the smount of 
color forme’ read spectrovnhotometrically through a one contig 
metor opticrl peth at 6400 Angstroms, poasesses 2 radiation 
@ose range of 100 r to 20,000 r, £10 percent. 
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5 ® Solvent Mixture: 


SacH Senzyl Aleshol. 


Nenzene. 
A Acstoacatic Istor. 
Acet Acetone, 










Melnchite Creen Cxrelato. 
“Nalechite Green Leucocyari 
Nelechite Creen Levcobasg,. 


§S Creeps seetic acid per 5 ee, 
5 Orops 9.04 ¥ HCl per 5 ee. 


ov Soft Glass wall containera. 
nw TilLeone =Tiln’ conted Cconteiners. 














e 2 i concentretion in mileromoles ver liter. 

(1 mole of malechite green Late is 2? moles of dye). 

@ 2 fercent Trensnittance ot Angstroms, 1.995 on. 

tts path, Silica absorpiion c#ll, comesrel te dcubly 

distilled water using Beckmen lodel 3 Spectre hctozeter, 

AQGj. SY @ Poroeant transmittance asc re F = 109 et ee 8 2.00, 

D = Optical Nensity 2 Lory) (W007 M4) or 

kK @ (yup 0/@ue ¢} from ¢ # 0.10 to 4.0, 2 weilgte? constent 
frow eoclor standaria eccordins;s to Wwor's ‘rw, 

1, @ (Sus net c/ewm 1090rd), “pecifie Ave vkeld ir micromoles 
par liter per 1000r¢, jn the irradistet samoies. 

r/fin, @ “Alibrete. @ir dowe of radiation in “oenteens per 
wirwto, 

r # Totel eniivreateot air dos¢. 

ad @ Solvent density in erems ver cubic e@itinctcr. 

ra @ édjusteé air dose, r x ds 

T # Tempereture in deerees Omm'igrede. 

Ace © Yureer of hours elernse! vbeiween Tiring ene snectro= 
Photometric reeling of enlor atender@s or trrestate’ 
SKULLS, 























introwuetion rage fo. 2 
The leuceeyanites, or more pronerly the eestonitriles, 

of the trinhenylmethane dyes ere highly nhotosensitive to 
the ultreviolet recion of light enersies, having on absorp 
tion coefficient greeter then ten thousand at 2700 f¢nestrom 
Unite in one ense (M«1) when in eleeholic solution, with a 





Cleimed quantum efficiency of unity in two esses. Upon sbe 
sorction of a single light qcuentum, the colorless leucecyanide 
molecule “issoecietes into a eyanide ion and the highly colored 
Gye ion. It is possible to study the ultraviolet cuantum 
yielts of 4ilute alecholio solutions of these substances »y 
colorimetric comperisons with standard aye solutions®, The 
levneocyeniaze of melachite sreen dye is perticulsrly eamene 
adle to study beeeuse of ita consifters>le solu>ility in ale 
most ell ormenic solvente exeent petroloum ether and water, 
enc Decruse of the fact thet upon photolrsis the highly ecole 
ore’ blue=gre@en dye trricsl of malechite qcreen is produced, 
mR iye reefily meesured quantitatively in Solution with a 
epectromhotometer at 60-5400 Anesetrom units in the reeion 
of srestest trensperercy of the merent leucocyenide solutions 
Althouweh eufficient cuerntities of maleohite creen Lleneo= 
eyenide of the desire’ ourity coul’ be aynthenised only vith 


the sarestest @iffieulty, it was desired to etudy the effeet 





Sotots oc, Calvert, Aesistent rofesser of Chenlstiry, 
Fhe Ohio %tnte University, in conjunetion with the euthor, 
expeets to cublish in the neopr future » determinetion of the 


qumotum yield of Malechite green leucecyenidae in Bethenosl. 





r | 











fage Fo. 3 
of x-rays and ceams rays uren solutions ecortaining the leuco- 
eyanide, in order to obeerve the derree to which © stable 
colored prodwet is formed in the solutions Yy ebeorption of 
the highly ionizing redistions. é@lthough it is felt thet a 
atudy of the theoretical eonsiderntions involved’ is of creste 
est innertence, the possibitlity that such ® system might be 
developed to croduce a reliable chemicel dosimeter for hich- 
ly ionizing penetroting raciations cnn not be lenored, 

In order to accomplish the above objectives, the studies, 
severely limited by lack of time to pursue each serendipitous 
event, were confined to three te jor anvroschess 

(2) The development of a simplified and reletively 
renid method of producing some srama of color+-free pure mealse 
Chite green leucocyanide., It requirad six weeks of experie 
Gentetion to shorten a ten week purifieation rrocedure to 
two or three deya per crem of rure croduct. The procedure 
is outlined in detril in Appendix A. 

(>) Gunalitetive chemical tests of the neture of maln-« 
ehite sreen diye, its leucomese, carbinol, rnd the leucocran= 
fade in verious degrees of purity and in whietever solvents it 
was antieinsted such knowledge might se useful. Appendix 3 
te>ulates the ehetiecs] structures referred to by common 
nemes im the text, and >riefly lists their teehnicel names 
and pertinent preperties. Additionel information is else ine 
clueed concerning the solvents inveetionted. This section of 
the gtudy ineluted qualitative ultreviolot irivestigntions, a 


ciose survey of all vertinent litereture of the previous 














Dege So. 4 
halfecentury, end a detersinstion of srectro hotonetrio 
sethots to be eaployed for color mereurmente, 

(¢) men suffeieient leweceyanite wea prepared, the 
xerny ond gamma rey invewticetions were commenesc. It 
quiekly »ee@came armerent thet theee tests would consume the 
eetire cutput of the purifiestion rrocedure, end 1% was 
neceasery tc use compound not fully freed of undesirable 
impurities, It must be ranlizod thet until the ®econd series 
of zerry testa wes prenmered, only two turret oillisraes of 
the Loucceyanide hed beer purified and identified. 


Tt ie most desireble thet maleerite creen Levescranile 
be studied, aimee it is cuite stsblie is the eresence of the 
aciae required to stevilize the color of the dre pretucedé 
free it photocnemicelly or rediochemiceally. It is not 
rom@iily oxidised or reduced, even *t high tomperctures in 
Most solvents. The pootochetioen] effect (2 Girect sbhsorption 
process) Sspperrs to ve cuite indenendent of wolvent pi, ea=- 
pecielly if the solvent is rether ecid. Tirelly, the eomround 
in folution if emtirely ecclorless in visible Licht. The 
re-der will culekly find that few other tnowm @ye-nroducing 
chemicals een >Sonst such 4n arrer of stebis chericel vpropere 


tics. 
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Udstories] wel:cround 

Melechite Oreen Leucocyenide (4,4'«tetramethyl4ie-ine ; 
triphonylacotonitrile) wes first reported in 1900 by 
Mentseeh and Ceownld ('i<7) ea ons of © seriev of leucecyan- 
idee of the trimenyleeth«ne dye fomily. The rhoteocheeieal | 
propertie® ware originally etudied Dy Lifschitz and Joffe 
mbdout 1900 (f-1)(Ls2)(J=1). The crude leucocyerite is enpy . 
to premere. flowever, in order to study ita chetclysis end | 
Phototropy, it is neesessry to preowre the compound alsoat 
eheclutely free of @excoar cyenide end treees of the original 
aye. Varying degrese of success may he fount in the liters. 
ture, but Little reseerch we» done with tis eampound due to 
tee tedious end exponsive (96 reeorde finel yield) met»ods 
employed for purifieetion., Torturntely, G€ilutions on the 
order of ont Sundred sicromcles per liter ere cuite euffle 
elent for miotochemice] stuiies, and ts one need only pre 
Pere onestents of 2 eres oF 50, omoumgh for eueiyeiea end 
StuGy, In 1936, after «a teneveek purificelion Thowing exe 
tres pertistence, tlerris, Kamimary aod  fmert (R-1) ware 
evle to emrry out a comriete cumrtum riel4 stetr of oth 
crystal violet wel seleehite ereen leuecerenide, axd pree 
pot *S malechite erven ievecevanice x3 s freciaion actino- 
meter (Il-3), Mi@ir deterwinetions shoved » cus tum yield in 
“ilute AlcbNoLlLe Solution of unity from 2577 teeetrote te 
TL ‘maetromd, with a tetrersture coefficient of unity from 
#=72°° to B °C, Unforturately, they geployed melechite 


tr@én lLoucocraride e&@ an ectirencter to seceure the cust 





rene Bo, 6 
yield of monochloronestie peid photolysis mt 06°C to 29°, 
and found it to be 1407 © 5.5% for the IN ‘eid, ir sarne- 
mont with wud>erg (R=°). Later work has desonstreted thet 
ehlorine-eeetic acid produetion by photolyais of monochloro- 
peetic ecid is varieble, end « more correct figure is probe 
ably ® cuantum yield betegen 9.47 end 0.6 (<3). Thus con- 
siderable dovwst reflects upon the entire duterzinetion ns 
esrried out by Harris, domiegky eed “laerd. Their crese- 
determination with crystal violet loucocra ite was in Qorde~ 
mont with the esrlier vork of eye end Irenmenurger (*-1). 

In 1939, am extension of the investioetions wee ende by 
Be Geouck and Le Pevre (f=1) in wiich they observed the fem- 
ilanr derk reaction (phototrosic color-fading «efter photo- 
lytie color formetion), @emeured tho cao fuctivity choemges in 
the process, and mede # determinntion of tse fisols mavent 
ef the Gre, The derk reectica was 2180 observed vy Jermernn 
& Gibasen (G<?) WiKN @ product Purified for five weeks, In 
1941 Lyme Chelkey (C=1) omplored malschite sreen leweocyen- 
{ae eg a >esic weteriel] for & shotochwwloel ~recess of hich 
yield is or@urrine ormehic mercury derivatives of beste tre 
phevylmethane dyes, 


“alechite green dye hes been studled more carefully Ye- 
eouse of its ecamereial imrllicetionsa. Its eteryility is des 
rive’ from its resenent tomie structure ser in solution 


(CmP}o Tat, slthough the dye etrueture hes © ere>ter 


—_ ~~ 


page Ho. 7 
of 2280 to (S00 fngstroms thea has the loueceyenide, the 
photolysis of the dye coused by aleerytion of these quanta 
appears to be eindecule in degree by compariaon. Tvidently ; 
the abporved onergy is quenehed in the dye solecule vy non~ 
Photolytic comversion to heat emergy or vy fluorescent 
eeiceion. Vnen Gepoded for two sonthe neroticelly to sun 
ligt, 8 Golution of @alschile green cxsalate was oxidized 
25% to Michler's Awtone; aneorovicslly, the dye wma reiueed 
$0 ite leteobese (141). The Gtebalivy of the dye structure 
@heuld give 1% Une ability to -coteet syetemse in wiick it is 
Siaselved, «cs an G@unmole, Ooth the ays cud ita leveotase 
are pool warrtive cetalyrle for the eutcoeridetion of acro= 
loin, Gtryrrvleme, mod other eveily oxideed systems. 

Tse renetion of Selec lite preen with hydroxide forms 
4t® ecOlorleas cervinel (eclor NeGe}, wiich is paotlosersig 
tive if the ultraviolet region uo forw the dye ion (481), 
which thon fndae tc the omrbinol by = dark roection. fhe 
ebsorption fpectrus in Lhe ultreviolet of the dye eersinol 
i6 esGertieliy ide tice] with toet of the Leucoereride (M<2). 

Tne dye leuestnee le the reduction "ro®tact of the dye 
er Lot ctr iools In seid Solution it is reedily oxidised 
te too adyve, ho lencoPese ia not phototowsl Lives. 


. s@ereh cf the iitereture® réveeled no perallel type 


of reseerc: in woich a cuantitetive rield of eslor vas te 





tege vo. 8 
be produced by on intireet reftiockestool effect ino sinele 
phose photosensitive nonencuesous syetem, In fees, 1t wes 
ciftieult to find aeny irredietion atedies of non-ecuscus 
wyotews, leony aysteme ere offered in wiich tho dre te em 
Pleyed 0 an intiertor of the cumtitr of chentios2 cuenee 
pProticed, Dut in none is the dye used en the in>tiester of 
ite own cliemic#l alteration. This 4 due to the foct thmt 
aye estrvcturon are inherently culte steble; ° troemen- 
Aout dose of redistion te remaired spprecitr®ly ts -lher the 
eolor of the dye, In sddition, the very conditions Let 
make tue dy@ color €tehle for Gersuremert are thoee bet 
prevent toe tremendous chences leecens-rye for interprets ton. 
tng qo0d bextheck on x-rey epplicetions weuelly @eseries 
the chemiovl effects of rafietions, (G<1,061345) (¢-3,p.015) 
ace in the liates of sueh chenges one will fin’ meny in 
“hice a dye could be employed es 20 indie-tor of tho cuenge 
profveeh. Tyoies) ere the following: 








(oe; Woelin's rengent is eaployed by Dey & Mein (87) 
colorimetrictlly to estimate the production of -enols oy 
aermrs frotl Deonsene plue sodliumbenzonte in eouecuns srclution. 


(bd) The deoxyaenction of seueous fele and liquize by 
the ection of xerey8 ecah be demonatreatead ‘yy the failing of 


mée*tylome biue dye ( 5+}, 


(ce) “rem ertsol murrle color chenges vere en loved 





Page Bo. 9 
to indieste the chain recctive releswe of eeids from an 
equeou@ M<phene chlorofore areter cus jected to x= and 
pee rape (T=1). 





In the above turee exemmloo, ti dye now not heve been 
employ™i. Tte use wae Aictated by the axtreoe ommeitivity 
of the exlorimetric setio4 of weemurseent. Thue it cen be 
@ wilqualy atadle dre yreeersor wich is ).ighly umetobie 
Ber sirjected to tne proper excitotive otvwmomens; = the 
Perestion cf the Gye ia o quantitative seecure of & erecific 
Alterctlon in tom lescocreri@e atrecture, ere Of 9 ge 
yiela of aeeouretsl¢ eAlor eo be protucad mdiodaricmliy, 
® new tree of cherier! ryeter in evellelise fer the siudy 
ef the eoture of redietion-cmuesd ehmnical creweltena, 








iheer Pree Soe 10 
Quceé Sy ultruviolet light is Sy gee of the cusentum yield, 
tmet is, the ratio of the number of Solecules aitered to 
If e Set@riel im Solution is Deing statiowk, a solvent is 
@Chozen wWrich ebeorde the light to » very small tesres, to 
thet it cam be sasumed thet all quante abmorbed were abe 
sorhed in tie solute Soleecules, A quentum riela of unity 
would indiemte thst a svueelfie wnerey atete in ¢ molecule 
48 ® aoreing the ultraviolet quantum aad is elweys altered 
in a @y@ecific manner, If the ouertum yiold exceeds unity, ea 
oheaim reaction 18 inficeted; 41? loes than unity, commeti- 
tive proceveeca ere interfering (h<1,p. 3) (-1,>.1245). 
Tintleriy, the uwewsl prectice in rsperting re dicehesicel 
eltemwtions nes Deen to ealimate the lomie yield, the retic 
of sreeiMic cltered moleevies oroduest to the vatfrer of 
Lom—ON ire Meeumed to be crerted in the syates by the ede 
sorbed rviintions hea (Let) discusaes tis ermoutetion et 
a9ne Lemeih. Contrary to whet obteing for the evantum 
p2eé1a, an ionic yield 4 exeena ef unity Ac@i aot eapontislly 
inficete a chain reection, bul Ger suggsmt that some of tite 
ac¢vorbed srerry wenumed wesated in tonensir oraduction may 
Scivally appeer in excited states of the orlgirsal Sele. 
@UL®E or Vaelr fowmined ure ®ucts, and towe enter into areci« 
fie reections., ‘4ilthough 1% enoeere that in ecueces ealue 
tions tlie womsi’ility is Birieiend, (O-1,95637)(l=e4), in 


Some GyStamac thore engear LO de irdierslione of sech « 











| femge Bo. 11 
mechenios, sucit se thet #iseussed Uy Cole 6 vies reeestly 
Joqeted aystama, sounkae « large mmbor of seni-sterle 
effects le Ukase solvents will be directiy suslopous to 
those La aqueous mulis, SsDe@cially ince theme cyclic con= 
pests oct on energy quouchire orotective tyntee? in 
mquoous edie sol in aep-agueous medic, ever protect ing 
{Awtical avigh@ortng selecules by o owoebing process (562), 





In Ultreviclet flucrescence stulies of dilute organic 
Solutions, it whe lone recowilsed inet as onmrgy irre 
ferenes wroecess occurred cover « chain of ealvudl molecules 
to @ dolute naleeule. fhe poaalvility of producing a similer 
effect Oy meets of gam ray eNcitation of Une solvent was 
fipet tented oxbeustively ty Selimenm (M1)(8<?), wo sliso 
Gifeusers the poselole mathe@mrtics of the precans, Unfore 
tusstely the suthor Goee sot Tieouse the possidiiity tet 
tie effecia obeerved wore orimarily @&¢ to the echawionl or 
excttotive effects of free rodleris end ions sosaedssing 
& relettvely lerge aout of Pisetio emergy, rei Saeed in 
the solution ty ab@eroed redistion ond i468 seecviery effects, 
ratoer them due to the non-Gismiccliy reeelive soargy trans 
ferec@ oareceee. 

‘Leost @11 orgenic liquids are flucreseei to some 


Yocree ween erclied sy Une prerer wevelength of ultreviclet 


- ee. a —— 


@=z:iuZ=~_»bih iwi» wm h~-—-—=_-_»~ 





_— ’ ’ sd ——— ee 





Mego To. 1° 
solvayha, war very pure, Cluorsace only eligntiy wien exe | 
eitei by Sore enorpetic redistion (x-rays, pemmn rove, vote 
or sige oemiicles). Nowever, vhen » see] mmmurt of 
flugrescent Imeurity ie totrotueed im solution et © evneene 
tretion of O.01 be 0,000] Grom soles gwr liter of solvent, 
flucMa@ethoe of Uv solution 18 enormously inereseed, the 
effect belrg coperentiy ideertiesl te thet observed for 
Gimiler oolutions when excited by ultrevislet Licnt (72, 
and referonews cited im this erticle). The fhiorsnceece, 
Welch 16 &)4cel of the folute, not the salvent solemle, 
4a Sboerved to D@ 4 GaAxinrwm at 4 oritien] conmatretion, 
it lesser coucertretions  decrerte ie noted, ormintiaed by 
& Secreasse in probability of trememicsior of encitction 
emergy [rom solver t to siiute Selecuifs., it grecter gone 
ce ioetiane Coe decrsesed flucrasesnce 1a expiclet ss en 
inerosaed oroberility that twe solute snleceales wiil 
muietily vueechd the exeitetion meergy vithect Tvoruseences 


Tt 16 oUvious toe! & BP@el fie amount of ererdy ormanct 
be tren@ferred from ah extited sclvent molaauie te 2 Creme 
gicl® AolvONt cr eslute molecule unless ts Solectie to Migh 
the energy 18 Poteg transferred in esaceble of cheering that 
mom, of trergy. Ir. e26ition, thé soletule trenererring 
tae @ecitietion erg shet Ye ecreble of weltice **e eoarese 


jetic Peeve for a finite Lemeth of time without quenching 
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“Ae ty an interna Aocredation sroeser into Sant or by chem 
. oy 2 Jeowle me of the alirericlet ste 
sorplien, photolytie anf Fiumvencsuon dinie oF Whe apoestie 
‘be ahle ta prefiiet the promelality of oeearence pf euch an 
euarcy treesferecee prvceme. Im Decto? Eoliment's stedies, 
drone pelunots deh did nob sasemna stonrptien (ext tation) 
wentn in the door ulireviolet rection 418 vot sppanr to trens~ 
fey on eppreeinsis smount of snmrgy bo cole\e molscales 
capxnlo of flucresemce Won exetbed Wy thase emoumbe of 
enerty. TE Lee solute flvoreceesce ectually wwe belse ox- 
eited clemtectiy, that 15 Wy Tree vedios) wet ion Trogmente 
Aiffoctee fram the orths ef ebacrted iontadag Telirtion, one 
would Oxpect the askute fluorwsoance Wo be reietively ine 
aarrerent to te commben] eteucture of the wivest mole- 
@ulet, nad Long co thoes wolsculen consieted of sanewhat the 
gene prnpectiams of enxumn, hyihosen, mol caygmm, «nd thus 
flusrercsnes should ocetr om in solventa net ‘ving the 
pecper oreihelh icon _omie for onergy LreasTermets 








ln weeollest ¢iscummiow of BAe IMiireet comics] effects 
of eheorhed retiation in equewus Golukions ie givan by 
bee (Lwt), ft welt Seen tet if the offecks cheerved ere 
nok cee to Wer imisic€ power cf tne reiiation ehsorbeR in 
tng eolyewt Not ere Gus rather to ite excdte’ ive affects on 
the FeLwerk, 1s would Be qulle GsfTicwlt tc etre wrieh 


creceas "Eetominetes, witless one mor wich Process ee LRY 
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Srotybig Affeete the goweirie wolute étudinds 

If te oeercy Lrowfermee srocess olocinetoe, for 
any Gna ssivert the ieant eoneentryticn ot Wicen « mexieme 
effect a solute molemiles is observed should be peverslly 
in@afterewi to the exect solute molecule, sroviset onch 
tywe of natube molecule renpouae to tht sane exelietive 
mochori ft. jn other words, for eny ons solvart, tbe lenwt 
gree colts pur Liter of solute ot which the anximim effect 
is cheered ebould be imtependent of the solute iteclf. 

| Cheerve that if Woo effect 1a prelominnntly Ace to lone 
paire ererted in (uet solvent by the abort redistion, 
toe exec eee rule should wooigs Tere 19 setter orie 
ketien wich aleht ve employed to neparnte tow ene effect 
Tres the other + for a given Selute, If tee cine observed 
is dup only bo honsoeir chamietry, the effect mould Aepend 
‘oere om bhe evne@atretion of the solute ecléquies in the 
ewetetaer rether Lamn upon the soler concen rrtiions is the 
Yustowa solYertse, It cen be Seen thet toe reverse would 
bo tove if tho effect cucerved ip erilierliy Gapesient upon 
the pote of solvent moleewlee through weich ps amott«: tive 
orort Ls required te trwepfer iteell. 


ln Urlimeen's¢ work, the Least comet= tre tien in Gina 
Golee ser liber et which eethreesne grove Soxrimm Pisers 
cnowene wpuatred te 90 gererslly Ledesuntient of See Bel~ 


vo"k mployed, imedherting thet exeitetion of tis auwrecene 
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tem Le ws emettetive trenetersnes croetsa ‘aiewar colvant 
qmough Lo parsit definitive interpretetion, © ontouttedly 
contain eyeteme levolving on or the other or 9 cirture of 
hath sec ethase, ue te the ote offects trwli-e be comcenl 
ebeer cut iMicetions, 14 i@ Gowtful if o Cull inlerpretas 
tion ome of mode from the orpeent surcis of limdtat speori- 
mectal ists. 


Sle CAllnaEm ewployed flunrecemnt solute wlecules for 
Misa ptadian, 10 wee evident tient Salec"ite g-som lLeuceerane 
Age provited an ecouplly exeellent enmrgr trey for « rence ef 
ealirerialet exeitetion mergien. "ie chearntian of ¢ apeci< 
fie ssettetion event is recerded »y ts oclerstiow ef the dye 
Beiscels, amd crm thus ® Peeeered coleriesiclolis. roe 
Vihes toe Jopvwe to Viich Ue reloesod cyorcki® 16.8 receme 
Dine wite the dye ions to reform the colorlowe lLoeocyenide 
ie seek, av crovidea other @eecler-'ton pec wedome ere low, 
percente@edise, @ deTinite ooloriestric sffeet opr rtinmel 
to te amemst of enpcreed retietion syonlda Se Craweced. if 
th? oeceunlen crodoeing the eploretion ic tue ergy transfer 
proea2c, it could rro@uee en ionic yield in exeeos of unity 
20 of ideel solvent, evan vlthent » chein reectim sccurrings 
WIELLOriy, @ c'@ricel iso «neir tera of reolletice ghould proe 
anee SL Seet am ionic yielS of unity, trobebly such jefe, It 


wes reviised thet due to the ecotrlerity of the preblem, 
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literstum em] is series of 
queliteSive aiGreviol4t irrefietion tegts vers exlered te 
ietiorte She neture of toe varioes scivemnts amt wmleentte 
grees Merivsiivee test were quel io the xerey eel poem rey 
iyreAietion ecverinwitas 

Somtesch & Canweld, Lifechita & Joffe am@ the other 
authors cll demometreted the fact tiet ultrevioiet ohetolrate 
Of melackit# oreen levsocreside requires folutinn in on 
fonizing solvent (C-1)( B=1) (O—<®) (Ma2,9, 3) (F=1) (082 9) (ML). 
Photolya@is to The® tories Dlue eolor occure 19 ePaolute 
Bethesol oF Othemol, glaci#l neotic meld, ecetom, banryl~ 
alcohol, » 4 seetoreshie eeter, It will neh gecur in flute 
er comoentretet ciners] acide, bonsens, ety] ecetete, 
eartar tatrochloride, cyloreform, ether, ste. @fher vhotos 
1gtse, a footing “der® re@ectiom waa foun8 to cacur to verye= 
ime lacroes, accélerrtod by water, by¢tronide or cpendte, 
feters) ar)lenetiens were eiver for tiie seeboniar ty the 


_— - 


ehore cityt avlhors, Sase ¢cleiming retem@eitetion to form the 
OFirite1 LeusdeyeriG@e, hytrolysie to fart the eritelytie 
omrhinc], 2140 light emw@itive,; or toe formetion ef » thira 
colorless Livit semsitive subetemneces 

7i wan soted Vy Eve euther thet im lhe neneiosnising oP 
Weekly ioricing pur@ a46lventsa, the a@y€ acleckite (ean exalate 
aloo fates’. This 18 Batiafetorily expiaiool fy oseuning 


t>2# @*re Le were Golvulle in thepe folvents 69 e coloxyless 
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nom-lonle salt rether thee ee th oslored ionde seit, ant 
the KHLPE 18 oretewieaohly toward the colorless camrount, 
Tate wyretem in Yemayt cloobol showed mo Light nocettivity 
et E57 trgetroet, exces oerunpe an incrererd fearee of 
tetime, ued Cols be qe to © Sotolyste of Wie sclvent, 
net tne dye. 

“we met notel fertare wos tuat the dissolved dre come 
Mletely feted in thowe orgemic pelvecta in waich mistes 
lyete 41¢ net cocurs Tm solvents euch o& beuRyl sleohol, 
where louccoyentis syololyeia esd xiolotrosr (op eeeur, 
the fy@ “16> scewed 9 Ereet teniawey to fele, In the 
highly donieing solvents, Lite cr mo ae fo@ing oeeurred 
exeept eTher & rristively lone tins, SIP can relate aintes 
APSA c80 Berk cesehion bo Gee evlibty of tue Selwert to 
PReecrre ho Slasociotion of tee erlomed dye selecaie, This 
typo of phototrony ce 4lueye co partially revernced by the 
eadiiton of 9 trees af «cid, ard he cmenletely reversed by 
eSftiion of sulViaien) noekic (fry) e814 or Ailute “Cl, 








if Ue levcsepanisée cortetus « fre@® eyenige impurity, 
& pheotetrow ocourt ofler pRololyeisb thet oroc@eds in the 
preagnce of 2034. Mia met be yo reformetion of the 
Origioti sctifeste-1le levcocpemite, sioce the photetre ie 
product 16 LIER some liive, 

If the pUuctatrouy i4 eaubed BF axcese Hyptrexige, the 
coborl@er cem.indl is format, wick cen 58 com leteiy ree 


eonvertedg to the ovlered tye By tre wititien of weld, and 
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“ALG 26 Bim Mighly Light eamedtive, 
Qernumi amd Shean (<0) noted thet wham stored in | 
. 








RO pqunqua sthnosd, the Leucoeynnide hyfreiyse® completely 
to the dyw in the derk, Thies thermal peectdon ts fonnd to 
be VEO Bere acrked in acotom, “ater ond roani>ly o treee 
Of scid esower to be uecebeery for estelyaie of this re- 
Peking. 

Trom tis precefiing, ome ony stale ihet the ulbreviolet 
Paotolysie of the leucocyeniae aop@ers tO O@ » #1 G10 suactum 
Maesocietive procesps; the coler formad is Gopeedert uen 
tw iowining power of the solvegt. If the SAlvert (ives, 
‘demsene) Ehaws no saBocietion with the [reef crani¢ce ior, 
Peootiontion to Loe originel ledeocpemiow will immecivtely 
occur “mi no photely#ie will eppeur te leve cevarved, ‘éfter 
PRobolyeia., ¢ fers reection will preceod bo home extent if 
the SPlvent >oésesees © lew orger foniting power. Tmpurie 
tiem Goch a8 psraride ert cyenide wiil amune sork veeet ions 
to the ucsteblé light-sensitive emrPinol sed be actée 
etohle LAgnt Seeet\live lewccereniie respec! ively, the Later 
recctin® seeing fver Lp the croemence of potd. If Wie 6ol vent 
is cece™io of recating wits UCH under the giver comiiticne 
(ecetors forme io seetone cranchydrin reslily), & ~herne) 
RecomyoSithon ef te levesererife mery tere siece. In ahsthe 
tion (7T=1) &® Glew ultreaviniest ganesibiret tearm=oorition of 
ts O90 18 Soetlihle, terchicsliy te los’ & Deityl Greup to 
fore Ciechlor's Teton (pere<dimethyle® ifovendo Merce) , 


anesrotierliy to reduee to the loucoDese, Toc tye itaelft 











(1) Semele eonteiners: 


“AVL of the Lightd samples trruttated sere sercbte, 

S ce. portions in soft @lees, gless storpered, cylindrical 

Shell viele (uped Seemune of realy evailnntlity), of the 

following Jinersions: 

Cuter Cisse ler 10,7 SAlLiaetere 

Inner dtemetor Tel Dillineters 

Internal, vottor te 
stoorrr 











SS ill ieeters 
‘vereg® liculd Serth 22 «willimeters, 

eeod Shaele Vinl wee in@ividuelliy vrepped im « single 
lnrer of tein cpsque red reper, in orter to »Tevent scel< 
devtel sbsorntion of etrey light.  pectrorholemetrie 
@xerii ction showed thai the red coloring ether, if aeetq 
@outelly s®soroed Sy the Solveutea euplayed, cole hot inter~ 
fore vite seesurquent of the typical color of the leuco<- 
ey7nide Sroteorrotuct. ‘411 viels were wees in olightly 
fold scetcno=sethyl aleovol “efore ube, end “ir Iried. 

(7) "w@ietion sources: 

Tereyo ware obtetned from the PW kilovelt dwnerel 
“Leeiric “uneshber Villewent x-rey weeching Pelcomering to Wwe 
Depertoent cof iateribery sehicine, Chic ticle Veiversilty. 
Por e111 rund the mechise wet coorated vit) Wut bom hori 
Sortri, "t an) Eve, L me,, with mo oxtermel filter, Sone 
rete wre ellereé eccorting to tka inverse tourrt lem, Four 
Geet Visle sere irredirted simultenequsly gigs Cy £ide, 
ceeuby ity. eDout two=xthirde of the -eap'a affective widths 


Tn@ vielis were vieced verticelly on t18 Hee oF & Wooden 
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table, in auch a way 08 to ainiuiew eertter, ine repro= 
Queible yoomrtry, Ue axle of the eylintries] viele being 
perpenticuler to the’exis of the x-rry ‘pew. 








The sir Goaage in foentyeme (r) ves computes from 
ante provided By © grivebe communicetian frat Yajor Yorsir 
BM, tallejien, UlAY, who carefully colioretet the Peeking 
employing a vodel 70 Victoreen Air-wall reorter, condenser 
type, which ip turm i9 celiirebed et six earth iptervele 
By the 0.). “irewu of Slenderts. To u keo-sinule espasure, 
POeults wre Feprcsuci=le eivyin © 2% TNO xoreg Yeon Wac 
Hemosenous within © 28 over ite effective width. 


‘ir Bose ewtes, in r cer elmute were counuted aceord- 
ims te the following Tereula: 
air @oue, r/ain, = 84 x ((/2)* 


where © ® dietemce in cartinetery from 
foenl Hoint 80 exis of teat vitl. 


‘ll Ferey tests wor® csrrind omt 86 root tempercture, 


saur5°c., 


The peeme rey soures wee tee 4 Kev tetetron bwloreaing 
to tie Shio ete University. The priaery Yonm io eseemtially 
Bonoeiromstia, Dut Ot the neint ¢168* fo the doupmmt vbere 
tie teet vieln were irreficted, a larue cortion of the 
raBietionm creeeiate of Dette article end bremestre>) lus 
ef very ighesegrreus shernoters 


‘ll semples were irresinte@l wt spprorvimetely idertieal 





a = — 
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+ — 
+ toomton Yang © ns er dem 
oan se S © tials in the walien siene oF Whe 
reset bub to the viwhton oF Le anmset, at 
hen v7 to kraert tie wimate tapos to & heey probe, 

| ot ees Cod hasty In patition, it war peermery to 
yerete * Mlover to Buse Uns anarle tmuereture ‘alow 
Pr auring irreMintion, due to Views fetore, jrametry 

- eauld only 20 considered rewomettie wttitr & Wr pir 





= 














_-« CRLEDPstion wee dome with the Vielorsen maweter, end 





fal san Bree Srugemn .., Devetm ms eased 
Pesos ote,“ scene 
sanaae 


(e) Dher. free touchmt 4% »/min. —— 






(4) Shes cree dowdbmat TS r/ain, fo wkiwnd 
| 7+ wea therefore osgumed thet fut erervye bir teer at | 
| the Seepls voluse could be teen c# 4° r/etin., WIN & probe 

able tcowrsey of © LOFT reprocutibality. | 


(3) “erele weperetion: 
Tor “iy ome Of% of xerey runs, © EiwEie Tete cf 

Guenicel] and » eirg@le wirturs of HOlWEDt Wel auDiscyed. 

It wee e@awen€ tet 556 reereerte wree 100) Cils reagent 


in «11 experisent# unless sypeeifiscrlly oMlerwise @tetods 


—_— > ‘ a = ~ - 


ati a Ciena . _ == “a —_— 








ca... how na 
<> -eahrealabea ape bere ae ong | 
proof locker, wo seid wna adted to the arsoles mtil 
shortly ‘efore irredietion, If « parine of AtTOhtomn ves 
te Se IFretieked, all ware @ixed fram © einele pover eolue 
Vie, (f6L woe odded to the Woe solution» tefure enyer= L 
Tiesment to thw isdtvidonl tent vialn. The eciie metered | 
were either C./. Slecial seetic te14 ur 9,04" exsesus 
Sydreciloric Acid, ook soletion tiivtitane were ante 
VohietrLeslty with mm scevrecy of £ 7%. for Peprodectyil+ 
ity froe Setch te Wetes of chamionl and solvent, 2t ves 
astueed Lint the 4eeree cf error wes © 5%. 611 ahamicris 
vores weighed to within the neerest 7.9001 erm, * Ty2002 
grec. Appendiz 0 18 4 list of the reaperte aerlicrped fer 
theee exowrimerte., 411 crlor Stenderts ast (vet sampler 
were @tored end treasperted under itecttonl com™itions, 
wetupen @ < 25°, 

(4) Cmlorlerteic roveings ix tervs of perem> § tm amleaty~ 
ity (TT), were mete in @ @elahed bear cf susrts Tecan 

1 eevitaeter acaere cells io « Mole] © | pettromantome}er 
(Satiom! focinuteal Lebormteries, “outs Peactery, Orlie 
formize) Seleriging tc the Depertamt of Woterisiang, “>* 
Geico “Wete Unireraity, The coeperisam bleh wee Sour ly | 




















Gletillel ester, ad Oral Geaple wey Coreured i+iee Deters 
rSecorling. Me duerte e011 “ad on irtervel Ceti Leeetn of 


ieO)5 ce, It wes found thet in reeiies Ssreant 










5 
Ss os men Hos 25 
te FP idaieiceg i tej. anged mak mio 
a im order 15 eller for sucil reoletinne im 
“aieitan Vn cane Ue nor # rating asurnay af a 
: wma asouned, whore © “reneutentvity * 
100 * I/t,, Tt nen bo ween Uist Cote tiredness aniy @ 
very seo) error in (a reoult. 
Tayerinentel seasussorte dseenstr tad tent 
| (m) Fer th@ golverte exploynd (usthmect, eette 
| secC, DanrwNe, SOnayl Aleshol, tcotane ant ‘aetonestic ester) 
the wevelongth et wolom ovlor as monk inlense de te tee 
Melechite preen om iete dys, te lLeucecreride'e Choterre- 
Guct, wed Woo colored redioshewionl ivomuel tion credagt 
of Seth tho loucperreite and to ieucocese of the aye waa 
S35 « Woo tnoetroms. S400 ineetrees “ee gore as the 
saveletatlh for 1] Periines, wing @ sensitive tendyeath . 
of © = 7 tugrivoss, erough the cheiLe speetrwe «11 of 
The sove aelore prsdacta were Lollielimgeleneole dpectro= 
Photomertrioslly. 

(>) the pure enivents, wilh o> withowt sebd 
edition, see4 over © perio’ of dugs sfber -cine coaeed, 
emrrecieGly Aecrosaing tia percent treeaelocttily ( 7) 
at (40) sogeircus. Therefore « swlvent Diauk Vex mede for | 
erén teat man, 204 16 wie speed Werk Veo were Oolrert | 
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ageal 65 tbe seer evtent tn «11 teat seemliec 9 char 
sterferee ce te THht Slee wWe'de wes peer €. toe fee 
time 65 to* ors SEDs Bized, It eee WeeteReTy SO Ute 


Wile eOertlo cr Sitrerily. ctuel werey evils doewemnetreted 





age “9, 26 
thet the acits ef the solvent 210 not aypear bo be sltered 
in © 7 et GAld angstroms durin the tine of irretletion, ve 
compored «ith * eimileriy trested nen-irreiicte’ solvent 
blank. 

Por bye sarvere of inlerereting the results ee rosé in 
perms of © T, the ofigimal { fT wae corvertei to mf sijusted 
@T Daved on the evlvent Bienk heving 9 Tf of 1.08% 

sAjgueted © T 2(100.0/ lvent Bien * T) x aeacurel & Ts 


Thm, soeuting Seor’s Lew to hold, Vem aslor reaiing 
Mos commuted in terme of D2, wWaere BD 2 optict] Jemeity: 


eAjs’ TS 100 x 1/Ty 
inttise 9 @ 15/1 © Wo/eeg. & 8 


Qoer'é law #1, 107eed 


7see¢ 4 F2 = lomo (ets FT) 

were © 5 @ constwnt, the elsorntion coolficiant. 
¢ 3 sulute eoneentration in gram molec/liter. 
2 = iit path lemgth in cestienterd. 

I & ligt intensity trenmaitted “y solvent Slemk, 

I = itedht detemadty treneeitted nr Srey les 


Thles © Sheeler o1ide rade, Che situate’ = 6¢ end 
> cowlé be feund in e Bintle oPtretion, setting i oririnel 


“ ? Reseured, 


—— —_— = 
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po ite 


Oe eee 
wtouty 
Sl ee ee Re 
meme 8 rere te | fem a.) * oD ed 
er ere erie ee oe ees 
OY ee ee tee opmale * > erm 

















Ore re me Re et ee are eedeeece peer? 
(Wife inetd © med et Ne ceed of Semen 


gti © oe & Ft tedhe 
7) ste S tgs o + else 


ee, et a oe 


V) sibeliggel -« CS 8 ae o- 
ee eel eteeee et! fewer 9 Se ere 
Pe ee re elem wrs ate: 8 5 
eer iene a tee! ote mt 38 
“2am Epon w= Orlimy wm! rouse 
wie ff lente meee] tet os} 


— Cetmple = lee hho etiieete © rer 
Gebade o¢@ widows (cele Hee © at beet gt Came < 
elves * - 








nem Mo. OT 
(5) Calor #tenterdin: 
(Sofar to Figure 1, toler (tenders Gurren). 

Tm evo’ evivent, atlor sleateks wrre orroeced by 
Serie] wolwartric filutione from aged (7 or are faye old) 
stock oolutions of amieohiia crow oastote, he stock 
solutions contain’ ") microsoler cor liter of manohite 
QrOee Semlete (C,0463 erans par Liter), it Uping nasweed 
titer of Gro woe fs complete salutian. Mie Gyo wa 
weigted 20.0002 em, «nf 1 liter of sec stock solution wee 
areperak., 

7% om found inet the optical demeity of the aye at 
Gi? dcpatrowe Aspended of the age oT D4 i istlen, md the 
somisiag pawor of the solvent. In pure Lewsey! Alomhol, the 
ays fated alcosh comistely; Mile in asetowe vorp Little 
Tefiing ee Goted. ‘herefors, wan Vee irratieted leauge 
ayteite auaypl@ optice] Ceueition wore Selemriwd, s61¢ verze 
imp Crap 1 Crop @liacis1 megite acid bo 5 Srope 6.04 fF AGL 
oer 5 ce. gamle wea edded ‘fers reuniting, Sofore or after 
imvm~~tietion, Gelieriy, color sterdarnds eore @wiwed et the 
Gamat tise, od wolidified in @ iAANectios. esr i- @h attempt 
© i078 compereblie eclor Fiele Getereion lem, TI we reale 
ised Dont prove iy the lergecet errer in OGmeuting eOLbor 
yicldy wee im axtching ths optical “eetity, §, & thw 
Tropes edlor tterdler4d curve, 


"GP tuotiealy, if thea rene of dpe co ceil tiong 
















. ong lio. 28 
“0, oer's lay he obeyed,  log<lag plot of aah | 
WelO evonoly per Liter of ye te \aycnt Mi @ieronoles per 
Liter, heviee ¢ clove obeying tam Lew 
Sshe 
tare 2 § We cmowtenioes te eherectiea/itany 
Tf 6 cmretents — 
The affect of verping ocld esAL tion fram ona Grom of 
Piretel saaiic neid to 5 Srons J.vANAICL per Seo, of anmole 
wig bo Lecratme the velus of Fo oy eprrectentely emesis, 
AG. wpceere’ Lo be the preferetie cid. Tifier 1 represents 
nm topdorl mires cree bc Setenwine color yields in o series . 
OF the tetsleted geeples, ant Indbulptian 1 oretents the 
Peetiegs upce whiten “uses etanderd curves were ‘cnet. the 
soturl SLares for reserting dye yielés in Sioromsion/ liter 
wore compvie® fron the farmule © © D/f, & holme + wetgnted . 
Yetue from ehiicl dotermmteotions of © from the © fof kom 
fyo cance tr t.tane unter tee atated enmtiticns. voightad 
eles of © Cor tue reetan of fre values of tovortence © Same 
neficn \/fumertion e, 
sgmers veluez of ©: 














Taeleort v 
Seerri | Veoko! 1 af +k io WY 
“elie l «laeee2 * oF Ac ip tit) 
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_ : 
Typical Color Standar Curves , 
Optical Density in 1.005 cm. at CAO Anestrons 
as) 
Goneeritration of Dye! in Mitromolsep per Liter. § 
fas 1 mole "par 78 > ics dye.) | 
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ham the colar stanfiand Atletinne were stored at aiits | 
Cone Seite! cerietowme some Ceding cecorred +5 compared with | 
kt UNOmetNE coekelonre, (Neher co "eWalerton I, summery of 
Eernlues): ‘oie con be ettrimuved to saseryiion of « Tile | 
of Sye om the wali of the covteiner, ead ile Loum fron solus | 
bbons «Soee comtrola wire Hee) on oll irrsdinied enupiea, | 
Uile ei ict me kalo tioslly seccunted far in rwriing the | 
rEetlietion-ceuses cooler Ghouges, ubing S-Vhluws 1A 21) ime 
Stance fer tee unfmie! ocler Glentanis. 


fur ef the stander’ eolov solutions, comtercing Wo 
acta, te Sexxy] eleotol, wars elven en x-ray cir fove of 
S2O5 r, ~) ON © per nimules, So eoprecicble eslor change 
“me Geta’, The eeestlility of & ewier Seobruction Sne te 
the 4rrefiebive effecté on the eclor ee) jodwitGe, eut bv 
& a@yetee Lrvolring sues § maweer Of Lelefogoulcas reegtians, 
it “er Sdentre® omiy to recor te oft color commontretion, 
At Peleg Wrestle ah oresent to stete the Sepree te titah 
oterustely *eclted leucocreeide wolequlev fell ultizetely to 
pre@ues s Ups swwoleesle. 


(5) Ceetrole: 

TO LG@el @itaatienh wonle bewe Geen le reed anc 
Srecle reglroretogetmeally Defors asl «lier Lerediatian, 
Tey rr, Gur to teow fest tent orolonas! expemury 46 értine 
Bo Lottes ster © perie® of atra'st Slielt com & 
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Pege Yo. 31 
irpedieted, and to employ them es isdiecstors of the pre= 
irradintion emdition of the other sesmles, aturelly this 
Letroduees a large derree of uncertetnty into e-c) sessure- 
ment, Sut for a single set of mersaurements the un 





appeers to be cMmil. At the time the decision wes made, the 
orrors eceumileted »y exposure to room light of the concen- 
trations used were smell “ut unknown, and irsuffleient rure 
@henical was on hend to estimete such verietiens. In future 
tests of this nature it if sug@ested thet 211 sem les be 
stered ic pyrex @lings viels with e© 5 cms optier!] path Length 
intererel in esech viel for the purvore of syectrovhotemetric 
interprstetions In thia manner, ench viel eon be rend 
syectroshotonetrice lly es often e« desired witieut distur 
im@ the sample in pny Benner or exocsing it to eny strey 
Lighte. In addition, the sensitivity cf the system would te 
aneressed anvroxinetely 5 times in reedine e¢lignt color 
enengss, fae to the five~fold ineresse in optical oath 
length. 


(7) “xperimentel reeulte: 

Yor rurneees of cowrerison, am artifielel edjusted air 
Soese of retiction wea comouted for eteh sntmle, the adjusted 
Gose being eemoute@l in terme af the eslibreted sir dose in 
Neent¢enms (r) multiplied by the deosity in gress per cubdle 

entimeter (4) of the semple. “lefer to t:e orerh of total 


Mess arsorvtion soefficierts of the elexente ¢C, 4, OC ard 
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Page No. 3 
Air, “igure II, Assuming the irrotinted semples to be thick 
in neture, ainee they cannot be treetod es infinitely thin 
Samplod, ond will note tAiet it if rentomable to assume beth 
for the 20 Bev x=reys filtered by tse flees sewmle contain- 
er and for the 4 Mev gemme reys (plus condiderehle softer 
seattered ra@iation) that the masa aheor Lion soefficients 
of the elanente and air ere noerly ecumi.s (ne om then ree 
lete the eecrbded refistion energy Jlasioried ln ose sample 
sersly to the product of the calitrated cir dage at the 
Liquid demaity of te orgenic #olv@rts emoLloyed. Yor a nore 
detailed @xmosition ef the rensoning Pehind this essumption, 
refer to Lem (Let). Sy ahielding the sir-wall remeter with 
® Soft @less shell virl sisiler to teeve used for «11 tect 
Arraci*etions, it wee foun’? thet tee enielding sffeet of the 
gless wall wee eousl fer both the xerays and the comme rays 
employed’. (‘Sefer to torey and Cemme ay "xperinentstion, 
Pert (2)s}s In this way it wee Geeideda that for comperison 
purpeses the effect of the tlase well could be ienoredsy for 





absolute computs'iena, of course, it eovid not »® Lenored, 

Neelfic color rields were comouted es (sum e/sum 1000rd) 
Zi, the number of Bicromoles of dye forved per liter per 
PO2Ora, Mhjusted air aoas of redistion. 
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Total Mass Absorption Coefficients of C, N, 0, Air & H50 
vs 
Gamma Ray Energy in Million Blectron Vol LoS 5 _ 
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Gamma Ray Energy in Mev. 
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(Private Communication, Major N.M.Lulejian, USAF.) - 








Paes no. 
4 Setetron 
-" ines fabeiation i ~ 4 bev Setatron Perts.) 


411 semmles were irredicted at 4° eir v/min in soft 
lees Viele in idanties. peosetry for 90 wimites esch, 2 
tetel reir dose of 4950 r, or an adjuated oir dose of 4925 ra 
4m Reneyl s1@chol, fhe following results were noted: 

c @ net tye formed, 





0699 Q,218 
1e?l 0 A877 
(¢) 
5401 2 | tn 
© drops ° yo ae 1.93 O.Ra4 


Semple (¢) te G@mmiple (a) resirredieted for » secend 
time, we to the uncertainty sed poor eortrol of geometry 
ant temmersture during @ec3 9u Binute irreiietion, these 
three reevlte apree within the oliewe>ble limite of error, 
emi everegs to wive © ereeifie eolor yleld of 06.95 slero«- 
molenh per liter per 1000 rd, with a leucecyornite concentre- 
tion of 969112? erem soles per liter 


2olvony £ he 
(A) feetoneotic "ster 
e211" moles/liter (the (-}) alien donctes decoloriza~ 
lewceeyaniae, tion) 


§ Aarons 0, 24a 0L/ Sees =),12 3 eO°>9 
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al Taumee on takelotien Uae - 200 Kev xeray results.) 


Figure ITI is # plot of not eolor yiel4 im Semsyl 121-6 
cool, miercsoles of dye per liter va adjusted cir dose (rd) 
of 20 Eev unfiltered xerays, edministered ot the retesn of 
400 air r per minute end 9% alr r per minute, for various 
ecotoemntratiocns of leucocyenriége in solution 4n grem noles 
per liter in gloss welled ocontsiners, 

Firure IV is a similar plot for a limited numer of 
ecetone Solutions, and includes two poirts for the rnadio-w 
eheticl profuction of aye from the dye leucetsre (easily 
Qmi3iged to the dye, tut not miotesensitive to ultraviolet 
light), amd slec @ comperifon with s benzyl aleshol selution 
ef similer leucocyanide concentration. 

In Figure V is plotted the speelific color yield, wlero-« 
Boles of dye per liter per 1000 ré aedjusted alr dose, ageinst 
the coneeniretion of leuescyanifde in solution inp eres Boles 
per liter in benzyl sicahbol, acetone and ecetorscatic ester, 
conteined in both sott «less wall and silicone conted eson- 
teiners. 


Tee delibervte vorietion 4n xeroy dese=rate from 4)0 r 
to 2-29 Yr per minute wes unfortunste in thet, in sltering 
the coeometry so helve the dose rete, the wooden pintform 
upon Wich the Sem let were suvported was not slsac moved 
beck from Wie x-ray Scurce with the semples, O@°d as A res 
Guilt a lerge untaterminet emount of seoendarr ceettered 


ret_iction whe intromérced, Theory prodiets thet, if the 
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yield is devendent on Yone=rete, the yield shoul4 deere-se 
with raduced dose rete, The resulta, when the Yetetron waa 
used with n dese=r-te one-tenth that of the xerrys, indie 
este thot the leneoeyanis4e system in bentyl #)eotol ie not 

™e xerey curves show em increseed yield with the de- 
eraree’ doem-rete of xeraye ont of 411 preyortion with the 
eosGible veristion sny theory cllows, end teuve this enom= 
@lous reBult oan Dest Se explcineld vy the seecsndery seete~ 
tored rodietion introduced in the experiment. 


twe to the fect that experiments:1 verietions inherent 
in theee chentcr) aystems era rether icrpee for eech single 
sommple, (& 29%), the diseussion of the experimentel results, 
end the eonelusions drawn, will be based on the tread of 
the eurves in Tiguros TII, IV, V, rether than vron the ine 
diviguel experimental socints themselves, 
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Lome YietCelnemcromoles per Liter 
or Benzyl Alcohol 
VS 

Adjusted Air Dose in 19000 rd of 200 nev X-rays 
and 4 Mev Gamma Rays. (Hultinly by 0.8 to 
obtain approx. solution Radietion Dose in r.) 
B2zO0H=3enzy1l Alcohol. 
iCiePaleachite Green Levcocyanide. 


0 


4 & 9.0525 m/l 1GCN 400r/min GW 
74 2+-0.0% m/l MGCN 400r/min @W 

3 9 —).01842m/1 MGCN 400r/min GW 

4 9 an.90921m/1 KGCN 40r/min GW 

— 5 & 0.0045 m/1 MGCN 400r/min GW 

6 @ &).01842m/h MGCN 20.)r/min GW (See Text) 
rp 7 me-d,.00021m/1 MECN 200r/min Gw(" " 

8 @ =~9.0046 m/l MGCN 200r/min GW ( " aay 

9 # 9.0112 m/l MGON 45r/min + 2 
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w“4ieure IV “age 0.38 
Wem Dyer Yiell in @Acromoles ~er Liter 
VS 
Ae io Sed Bir Dose in 1lOOOrs of 200 Kev X-reys 
@ultisly by 0,8 to omtain arrrox. Selution 
Gmoreav.Lon Dose in r.) 


4z2CHsartenzvl Alcohol 

Acet-Acetone 

MGCN-Melechite Green Leucocvanide 
NaH -Melacnite Green Leucobase 






v 2 
‘ i 
\ A 
Ae 
f 
N fan 
: : 
34 x 
= d J 
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1 Mv-Acet U.02000m/1MGH 400r/min GW 
2 &-320H 0.01942mr/1MGCN200r/min GW 
53 @-Acet 0.01758m/1NGCN200r/min GW 
4 A=-320H 0.01842mn/1MGCN400r/min GW 
6 5 O-Acet 0.01758m/1NGCN400r/min GW 
6 WeAcet 0.02000m/1MGH 400r/min SW 


NET Dye YIELD 
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Fisure V "ame Mo. 39 
eeeeitic Dye tield invitearomo.esg mer Liter per 1000réd 
v3 
Malachite Green Leucocyenide Concentration in Moles/Liter. 
200 Fev X-rays and 4 Mev Gamma Rays (Retatron). 


LORS BOH. ADV ay 
e-320H 400r/min Sw 
//Q @-Acet 400 r/irin GW 
Sf-32CH 45r/min GW (No acid) 
F -220H ASr/min GW (Acic) lonic VieLD = 05>. 
4°90 Ty + AAT 400r/min SW 
Tx -AA= 400r/min GW 
JID * =A 45yr/min GW 
V -3z2 £400r/min GW 
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As Theery 

‘8 im @eny Ghotolytic reactions thet ere well known 
(R=1), ane con not stote that a cuartun of energy in sabserbed 
by @ Single chemicel bend in « mleculeor structure. The 
light wsecrotion cheracteristies of m given Soleculer 
structure are Jetercined in many portions of the chsorstion 
bang svectra by the bond structure of thet molweule, Dut 
upon shworplion of a qguertum, tho evtire moleculcr syatem 
ie exvetted, not just the prrticular bond crovititie the 
eepebility of thet qu@ctum being ehsoroed, ‘hsorrtion of 
an excilio®s Ouentum wmywhere in the solecile will quite 
often ceuse the rupture of a particuler Yomi or Ponte, ‘ee~ 
tone vepor, when irredieted By Light of 2537 ¢nystroms, 
Yreeks 4own to form metiyl] ractesis end CO, the eetcyl 
pa@gicala lerpely reece ining of room temercture to form 
the original tcetcne, Sut at oleveted tomrercstures to form 
ethane, wotiene mond CO (4); when slightly eousous, the 
yiald oarteinB some COg, more Rethene, CC, mm? traces of 
§cOR in dition to ethane, Two bends srs broken simule 
teneousiy Sy @ Bizdle quattum ¢* siviler atngle quantum 
fout®ia Lond ructure oceur® in seetoecetic aster to produce 
CO, Sethyl redtionls end C1pC0,ft (BS) at 299) 44 so 
ultrevielet Cecomposition of venayl sleniel wea found by 
Bert elot amt Geudedbon (3=5), elthough the sesivent is 
highly sbeerbing in tiict region. Towever, Que te the stm 


bility of tee srametic nuclews on tuis nleokel, it is 
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prove>le thet the ehsorbved energy is Ateeineted by that 
stable stricture before dis@ocistion eon oceur. In the enses 
where ec otrnight climin i ettachbm!l to an earomstic sucleus, 
the atreight chain is etteehed by Lirht tere, © corbed angy- 
where io te cmerep structure of the welecule. “oth benzyl 
ultreviolet light, (4) (B<5)(G=3), on eppreciotle pertion 
of the flueresemrce Seine in the newr ultreviolet. Little 
fluorescence of seetorcetic seter, aegtic ecld ond eathyl 
@leahni ie o>werved under ®iM@ilor eentitions, @ince the type 
of altreviolot excitation 16 not @ieilor - these three sol- 
Vicleot megion, wut only comtinuout shbsorstion. In Figure VI 
* A @re seem the plots of the reletive ebecrntion dserrcter- 
istics of there solverte, In Pigmre VI-" are Bisileriy 
Dlottiet the informetion for @olutions of aslectite ereen 
Gye, leucocyenife, and cerSinal, “he ists for tre Levuesbese 
WAA MOL CVE llehble. 

“hen one of the shove selvents, (Menzyl aleshol, sce- 
tom@®, cc@tomectia seater, acetome end sotezi eslechol) is 
Lrre¢irhed with xerage or goeme reye irtivi.daelly in the 
mare atete, it i6 reseons>Lo to fa@ume that in the precess 
of GaeoNpealition of the aoivert by the highly lonizing erfects 
eof th® aba@or>ed redietion, many of the exclietion stetes 


egire are 





Simalimmeously eres ted in the aclyert wolecvlot emi elao the 


Secomroesitien crefdect@®, Cne Gag aldo ne®ume thet If the 
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moleculer structurse under consitermtion do not exricit abe 
sorption Spectrum Senda at particular cnergies, ton these 
partiouler energy stetoe vill. not be greatly excited in tre 
solvent. If the avove is true, one would expect to observe 
fluorvsecencs’ eecited in the pure solvents by the ebsorbded 
R= or gear rodietir® aiiler to thet actually conserved from 
ultreviolet excitation. Mech is not the eras te any morked 
depree, ‘lowever, te Genaltive meagurements Gertte by Fell« 
worm (B=1)(%=2) do denenstrate a smell emount of fluorescence 
in all eoméon Solvents, irredisted with geen regs, weich wee 
charect@riatic of ome) of the solvents, and his @xperinentel 
resulte upon edfition cf gmeell amoumts of fluorescent in- 
purities to tre solvents irregisted vith gemee reve prove e 
high fegres of @xcl’ed eatetee in the solvents Oke to the 
eoBorded rolietion. ether the energy exeose is that of 
the parent solvent Doleculas or thet ef the eslvent deaom- 
position orolecte cermot be reedily detereined et this time 
frome the eveileble aetas hewever, felisanmn strongly urges 
the efisptioen of tie view thet semieate>le exnlted states 
are crested in the solvent Moleeulss, with subeecuent resone 
ance trenaference tiirouch o chein of solvent molecules to 
the fluorrvecent isourity. 

The structure cf “sleehlte eren leucceysride 1a ovlte 
Bte>le eh@nicelly, resisting sny Ceeomboeition when tolled 
in eeifified ecetore, methyl eleohol or elyyl ecetete for 


neriole of ans hovr of @ore., “owe decomrosilion 4ees eceur 
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“xtinction Coefficient Loryoé 
v3 
Light Wevelength in Angstroms, for 


A. Acetone, Benzyl Alcohol, Acetic Acid, Acetoacetic Acid 
end Methyl Alcohol. 


34 


—— Benzyl Alcohol (M=-2)(i=3) 


24 Acetic Acid (3-2) (H-4+) (8-3) 
(Acotoncetic Ester siniler) 
Acetone (B-2){(t-1) 


iwethanol, Lor oak @ 
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36 Malachite Green Leucocyanide, Leucocerbinol & Ce@mDing? 
iy sthel Aleohol. (H=-1 
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in eougous ecetons, @rsl ined o9 # weter-catalyzed thornal 
fornstion of dye end scetone eyanolydrin, Nowever, when the 
molecole in an ionizing solvent 18 excited by en rhaor>bed 
ultraviolet quantum, photolysis to form the dye ion ani a 
eyniige fom elwars occurs, If the leucscyanif%e is present in 
GQ BOlv@et irrediated with x= or @uume rags, photolyele of a 
@ieiier Kind will occur if the lewcocyanide emlecula sbeorbe 
sufficient emergy (%Sev) from # neighboring excited sel- 
vent seleculie, lon, refiesl or electron by eslligion or ree 
tonence suergy tremsforence, or due to direct seorption of 
em initial @- cr gemma rey photon. ‘ines the dye fiony, when 
ones formed in en ionising oslvent cerebie of sufficient 
@snoctetion «ith the cyanide item to -revent its tLamedicte 
recatainelion with the ae to reforn the Leucocraniae mole- 
Gule, i re@orkeDly stable, the procers of permanent color 
formeiion soparrs quite oroveble, and is foun® to 8 @ in 
Doth Semel slentwl and scetones, color in formes te a mach 
lesécr Gecros in etiwl acetorcetete, aml « ~erently to a very 
emell doeres, if nt nll, im metxy1 elechol and scetic atid. 
Of covrse, the actus] Gemree of color permentmtly formed de- 
pends on the loucocyeniste coreentration, the resnonte af the 
Solvent ta tom abgorbed irratietion, end toe retes at which 
the emecited Sclvemt Bolecules snd 4eeommosition vroducts 

loom tis ability to excite Leucecyanide ~vnotoalysise by self} 
quaeeiing, rect! inmetion en? solher chemicrl] vrocestenrs 


‘ cowpert£on of tee derree of color formetion from 
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aa. >... 
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leucocyanide with the ability of the aolvert to maintain an 
excited atate in the energy region cunsble of "llering the 
leucecyanite molecule giculd Se een@iterea, rey] alcohol 
mat acetone give prmcticelly itfenticr] resgulte, witiin the 
limite of the experiment (Migure V); »oth of Pees Solvents 
ere highly exciteble in the proper orergy ragion, 82 Shown 
by the ultraviolet s»sorstien band apecira, eo2 Noth fluer+ 
esee in an enercy recion (290% - 32008) erpa>le of preperly 
exciting leucocrenite molecules. ‘*cetorcetic eoter, st iden- 
ties] concemtretions of leuccermni4e, orodnem* 1lithle color 
(ane-ssevernth or less) under ifenties1 conkitiome of irredine 
tiong t18 solvest has only cortinucus ultravicie#t alserp-~ 
tien in the proper region, Potwl Blcemol ‘ew only o slight 
@emEinuous Ultrevicolet e>-serrtion ont felled to croduce 
SereorcePle eslers reetic acl, a ein wiin only cowtinueous 
ebforption and no Tend eneetre throughout the ultrevieolet 
region of 45 to 2009 énestrogs, failed ic oroduce « 
ecloret dye typical of Ralec’ite green when x-irredisted. 

TR Pll of Ute shove acivents, ultreviclet a sorntion 
wy Soe leichoymide reduced ao repid shotolywis to a &te>le 
coler trotcel of maleahite freen. 


That the setolytic effect pre@fucel in the Leuceapenide 
G0lecn146 16 very Jllute® dalutions, by s<reya and Eamee rere, 
is on indirect effeet is evide:t from neveral factes 


(a) The xerey oné graeme rey ebeorpiion effoet is very 
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“Rete identically whan the enlored ian if pratacel by direct 
ebeorptlon of U<V quanta in the loucooyenidm wolscules, If 
the color wers deine produced only by Mirpe! ite of imitiel 
xerny of gommif ray pRotome in thw leucocyrnife solecules, 
‘there sould be Little or fo Solvent donetarce, 

(>) Leter, © reugh comeutetion of the lawie y4ola will 
Be ettented. when 0,09°5 eres moles of leucocrwiite are 
Qimeoived in ons iiter ef Yensyl sleokel (the seximum con- 
eentretion stufied), there mre 18.5 graue of levooeyenide 
Aiesclved im 1043 eraoa cf Solvert, ‘ince hot) silvent and 
Belute sre srectically idotiewi in z-rer 9veerption, the 
energy Ctavipeted in the leucocyenide solecules 1s only 2% 
of we total mmerey VUssierted in tne solution, on alr dose 
Of 4900 Somtamns tc evtingted to rosult in an setuel Jose 
im te seivent (Que to the eiielding of Ye glese canteiner, 
#tc.) of chout 3200 Noontgane, Secorfitag to Lee (1-4), 
10d © im emuiverent to 04 x 10° erectron volta per eran 
of eirs ‘Ouehiy, ten 32000r is equivalent to l.To x ad 
electron wollte ber 1it@r of S@mgyl oleobel. Under these 
eon@itians, it mo found thet 4.71 Bicromelea of aye ger 
liter were croduce’ br oe irrelietion, equi veLedt to the 


guecttic elberriion 9.97 s 198 


molecules cf levcocrani fe 
wer liter of aGl vents 

Therefore, if one estuses firect Bits oh omy leveo~ 
eynnide swleculem to be affeciive, 2% of tme totnl steorbed 


gnorey vill te offective, 6 Os0e x ls78 & 10 es mS 2 10” 








7—_- "~~  #F | a | 
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electron volts par 2.5 x 10 solecules of leuconyenise 
eUtered to tore aye, or shout 1.4 electrom volts per mole- 
eule clteread! Mree in » 20 fev continous x-roy spectrup 
the majority of the ghotena heve om epergr of s»eut 199,060 
electron volts, eech x=rey photor sbeorved would ‘eve to 
alter ot last 7005 lovucecyamite onlecslos “efore Doing, 
abecrfped, losing ® unifore amount of emersy of only 1.4 ev 
Per Wilrctis Yefore Being completely 4iseinrted. “Ais is 
immetTiciest ehergy So couse photolraia of 9 lesoscyouide 
Bolecv1s, 

Therefers, one may safely sesame thot the effect prow 
@uceéd if o troiesl intireec! effect as leveri ed hy Lem end 
Tieezer, The chove eoewutation (hen vertita eporagiaetely 
72 @leetron volte to be dissineted in the benzyl eleohol 
) for @ech leucocyenide Bolecule @pecificelly sltered to pree 

auee # dye @oleculs os reeorted fpectrophotosetriceliy, when 

0.095 ree moles of leucocyenite sre dissolved in one liter 











of Denfrl eleohol. This is 9 very reasonable figure for 
such © eyetem, There is ebeclutely no evidence that © ehein 
refotien could ce devolved in the vrocees, siroe “he mitre« 
violet qwentam yield studies indicete no tespervture 4epende 
emcee, SOC Go tiey indicate e cuetitwm Field if Secess’ of 
uitity @ven for very srermetie quarta (M=-3). 

‘so wee true in the cese of ultrevicist photolysis, no 
dye ss@ grovuced frop the igucocye ife in bensere YY x=rers 


(Pigure , let VY... "Sle proves the requireeert thet certain 
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types of ionized eolvents sre recuired for photolyals, 


5. “ell effects, 

In the ueurl Neterogenecus chemicel reection, such as 
thet pro@uced sy sbeorbed x=-reys or qemme rera in s Bolvent, 
it is slweys eavigeble to study well effects, espeectelly 
where the wall srwe of the ecvnteining veseel if lorge in 
provortion to the volume of the vessel, eni were the dilu- 
tien of the evlvatence being Gtudied ia rether lore (R-1). 
Since in p liquid the molecules aré Alwey@ in comstent ecol- 





lieian with eect other and the vesee] wells, the possibility 
of energy 1058 by quesching exd chericel] combinetiona et the 
well £9 sometinen “igh. In cese8 cited by Sollefmon, resections 
eesumed to »s occurring in the volume of the esmgle vere 
ectuelly occurring only in the film adeored on to¢6 conteiner 
veal. 


Tt im mpessi>rle to alter the ell cherrcherietiocs of a 
G@lses teHee! Without sltering the resletion prowsiry or ob= 
gormiion cherecteristics of the srotew by costing the @ltes 
Well With @ Silie@on® cont, (*Orteritm', topemtixz © (ede, 

If in tee swhoesquert redietion-eaubed resections cuertitetive 
yiels te Aasvrnient woon the neture of the well Iurfeee, sone 
Mey ther cscume thet the ob@erve? field ie Lie net reeeit of 
6 heterees ecus Series cf ciemicel ranetione io 1°98 eontedner. 
If indevenignt of the well surfecd, © Homoertous reection 


yiele 18 sucrested, 
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A soft less ceotniner ecta o8 e well ammeviet benic 
in ch@recter. ‘ “Dri-Film’ well 18 mate vp of Bethyl eroupe, 
end acts af @ very ntevle erlurrted Aydrocerbon in the our- 
feee chemistry, It wes note! oreviously thot color standards 
in @ilieone comted coutelinera tendmda to fea in te lieusd 
portien @ven thoues ecidified, ead wes ree#ensD1ly expleined 
a8 en adweorption of the dye om the silicone comtiug (Trad- 
Whetion I + tolor jtenderds). ‘eferring to Migure V, rlote 
T am@ TI, it 1@ noted thet the @ifference of tie two bengyl 
aAlgohol-lemcocyenide Tye Apecifie yield curves in #mall, 
ana irreguler. ere on® may sreume tiat the 4evirtion 
the two Dlots if frobeDly stmBly Gue to ep leeching of dye 
fro® Bolvucion by the fre@h Gilicone® well costing (especially 
in Iie). If © #611 ‘epemienes on vall nature Le present 
@arime irrefietion, it is pro“eble thet the excited 27e tole- 





cules, @e@vecieclly in the lerger eorcentretians, tend to ed- 
here more resdily to the sllicowe wall then wren etebilized 
Without irredietion, as in the color @tenderis. 

In Pigure V¥, plot# III ana Iv, the @eme Sfrect is noted 
for imicocreni“ve emlor creiuction in irre ieted acetorcstic 
eeter re in Dangyl eleohel. Here, however, 44o enecifie 
eolor Field if So Low inmitielly in the oleeeeuej 104 coniaine 
er tiet tive oteerved rieid to the #@ilicore welled conteiner 
eppecra wl tie beat tc Pe a Seeolorizetion proeses for the 
Leecocynhi1‘e emesitretiee atutled. 


Com™irine the alove soeorved effect@ with the coaaiperiaon 
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in Figure Vi of the effeet of xerny Josece ot 49 r/min. in 
eontrest with pamse rey tonege mt 49 r/min. Cor the specifie 
eelor Field from leweocyeride in Sot Saneyl mleshel and 
meetoncetic srter, one obwerves thet the benzyl elemmol 
vi81LA Ln rwlebively independest of dose rots, w ile the 
eeeteec#iic enter yiol® la #@trongly depenaget ween Tose 
reto, the specific color yiela actually teing negstive (de- 
eoloriessation) at the lower 4o#e rete. ‘ccoriing to Lea 
(het), Sove rete independence in on indirect ection “especks 
@ bomerwtous réections heevy dependence om Cose rete in- 
Aieeteo co lerpwly heterogeneous rection. 

Tho reeulte seer to iniieste e oreeticelly homopencus 
efficient reeeticn to yroluee color from t@ Leucocyeanide 
im ‘amarl alochel, an4 e very hetercetrecus inefficiert 
Color-=protucing resection im scetoacetic ester. Tt =nperra, 
therefore, thet the color orofwetion iritimlly Say be Gue to 
two *ifferent @echerioma in the two Polverit«. 


In orfer further to investigate the n-ture of the wall 
resection itn the #oft #lese® end silicoere costed viels, a 
series of leredistionsa were mete of melrciiite Sre@n Leucodese, 
OwO? erem molo® cer liter of Sclvent st 45900 r etr doa@ and 
400 r'tin, in Bcidified bentyl] eleahol, sestoms, ond Seeto= 
meetic ester (Tebuleticn ITI « x=rey relies, "eriee TTI). 
The epecific calor ciel’ of the leves>ese fee net eewerelly 
SiEller ta tet of the Leveneteri@e. In both beneyl sieonel 


end wcoteone, tue epeecifie yield in the @lewa well wes four 


i | — ho v - & 
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tisee Uhet tm the eiiicowe well. Tt ean be orgued thet the 
color producit, arcleriona in tide cose in scetone and bengyl 
eleoio) ere sonewet viailer, mé ere Stromply menched by 
ye HLilcune wall, Bo eurntitetive co@perisune ather then 
thie con We apie, ahece acetawe, vher Reidifins with aqueous 
eebd bewis to resut tinermally with the leuceipose one to 
dtebrey Vee color initielly proteed, sepweielly in the eili-+ 
@oat costed comtoiners. The leucodase ie reletively stndle 
fin Denayl cleohcl, but im ccetomeetic ester Slewly oxidizes 
to form toe Gye. “en irregietet in ecetoreetic eater, the 
opecific color yield from the leuccbess wae found to be 
Similer Co tuet im bentyl sieohol, omni wea greeter in the 








6iiicome costed container tien in the @lees onm®, it is 
apperent thet Lie lencobead-solvent #ysten under 1Gentical 
emeiitions of trrediation 1a Supewowt similer to tne leuco- 
eyantleseolvemt eyutee in Sensitivity, Out, s# reveeled by 
the mOomslous Gereréancy on well effeet, the crusstive wech- 
angjems of color production ere not the came. It 1@ quite 
prombehle tuet the proguction of cslor from the Loveo™pe in 
(ness Golvents is heevily feren@ent upen the per cent of 
water, pl, mod exymen content of the solvent, @ince teis 
demertemcy 1@ troical of it@ ehewiesl nsturs unter orlinery 


eerazitlioms (G-?). 


CG. tomie vielaa 
‘anee, Gue to te Leek of enoush Sure lencocrenite, 


44 wes not PosBiDie te follew the epecifie eolor ¥4i614 
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leucocyari¢e coneamirrtion nlot to o yoint yvhere a mexinum 
color yiel@ indevenient of inereesing coneantretion (Le4, 
De4%, Pecoses enprrent in wenzyi eleohol (or to the limite- 
tion lmmoaei by the aetursted @eolution), the maxieum ionie 
yield cannot be ebtineted. Wownver, referring to Figure V, 
plot I, the highest experimental point on this curve will be 
enosen for ma semple ostimete: 

teueoeyant4e conesntreticon ® 3.952% moles/liter 
wmeity of benzyl sleohol = 1043 grema/liter, 


lpeeifie Color Yiel4 2 1.0120 micromoles/liter/1l000rd, 
(Ye®ulation III, Series TII<0) 


 @ Avogedro'n Number 2 5,0? x 1089 molecules/mole. 


In tir, ir & 6.77 x 102° electron volta per 0.001793 
(Let, p07) grems of 449 


1000r = 5.77 x 1}; 6¥/0.6001293 pm. air 
= 5.24 x 10°" ov/am. of sir 


Sssuming thet 1lOoUr diesinoetes tue seme energy per eren 
of benzrl elechol es it does per grom of elr, 

L00°r & S47 x yo? ev per liter of bengyl slechol. 

Tt 46 nee@ssery to sssume (cdecked aporoximetely by 
cevernl SeeSurements with the air well reneter} thet 1900r 
air fo#e of xereyn (1043 ra readjusted dose for >eng71 21¢e0%01) 
is an eetual dose of 409 r ebserPed in the solvent as 
Bhifldeld >; the rlessewealled conteiner. 


19 ey per liter 3ecH. 


Thus, 1000r eir dose = 4,37 x 1 
1.943 L ® imecifie dye yield/1/43rd = specific dye yield 


/1WO9Or air, 











“re 
1.045L 3 14043 x 1,401) 21.495 mie lea dye formed 
per liter per 60ur. 


Yield © 6,7? x 102? dye Molecules for? 
per liter Ba0H per 


‘verege energy @issicaticon per soleeule of tye Cormed: 

= 43740/6.32 = 69 ev/molecule of dye formed, 
Although no informetion is availeble eoncerning detere 
@Ginetions of the sveragce emount of enercy excvende4d in bene 
yl alcohol per ion-pair produced Sy x~ or @ermmn redistion 
adsormed in the solvent, it is reesone®le to state that the 





G9 ev Gissipeted per dye molecul® formetion corresponds 
roumhly to en lonie yield cf slightly less than 0.5. 


2 Dosimetry | 

In@ufficient Geta ere avyelie le to permit on estimete 
of the saximum sensitivity of the system, melechite creen 
beveoeyeni“e in ecidified bengyl sleohol, ss 2 dosimeter 
for XeMaye, Homme reys, end other iomicing redictions, es« 
pecieily at very low dose retos, If the meximunm ionie 
yhoi4ad were foun? to be In the neligh>orhood of 1.9, one 
eoul? axpwet ° eolor fortetion of a eut 2 mieromoles of dye 
per liter per 10°O roentmens, sclution 4oe@, *‘llowine for 
2 peeGareble smount of verietion ( © 108), one would experet 
to find Breetrom>otometric intervcretetion possible nt S400 ‘*nge- 
strome of totel seluticn ideses of 190r minimm to 20 ,000r 
meximum in 2 1 eM. omticel neath Length, er 26 - 40396r in a 
5 om onpticel peth lemeth. If the soluticn were enserodice 


Slly seeleé in pyrex gltan @temaerd oonoteiners with en 
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integral opticel peth, emne>le of ineertion in 2 stendord 
photoslectric colorimeter, it iv soesi>le thet e rether 
atedle aystem for lower Cose rates could >*e developed, In 
A Glarosehl® eomteiner of that trve excellent eutoindds 
epting Jose rete end disirtorretion studies of » rediorective 
dete or gemma emitter in solution in the dosiewtrie selution 
itwelf ere coseible,. 

The moat ifesl features of e color=productm chenicel 
dosiseter of this tyre ere thet the selution sey Ye perren= 
ently seeled »efore irroevistion, the eclor needs no eddie 
tions1 chetice1] develomment «efter formetion for interprete- 
tion, eDlor ruedings wey ho mede eecurntely end conven- 
femily in » reletively inexpensive whotoplectric hart 
peter et any time end se @eny times sxe Jesired, 2nd lestly 
the spete@m does not erpesr to deperd ucon a thermel chain 
reection for the production of te enlor. wing in liquid 
form, *me dosimetrio @clution @ey ce conmtsined in ory shere 
Or volume ecenvenient for the neture ef the exreripent., It 
ig to ># hoved that extention of these preliainery reeults 
im@icriea Gorlwmetric possivilitios. It is net sugrested thet 
vieusli esloriwetrie interrretetion of the cclor formed be 
rec-mmended, *eemuse of the moawn phy@iclories! Liritetions 
in ‘ile ‘“nMimer eve in quel titetively judsing eslor density 


eng waslity. 


ct. UWS I? « 
of the three solvents, segtone, scetorcetie water and 


Yeney] Bleetol, only bengyl sleohol hes ever Yeon Irredisted 
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by x=, @omma, Sotm or alpha redintion and the remulta re~ ( 
ported. Eailen in 1932 (N<3) exposed cure Penzyl *leobol 

é 





sercbiesliy for six months to the o#ta and pooms rays of 
O,11 grams of rotium, an@ found et the emi of thet time that 
® lerge quantity of movodeeie acid wes vrotuced. ‘pecifie 
Con@uctivity in the irradieted seaple wae 1'O tinss tiet of 
@ nonsirredicted control. he ecid nrotuees wet Aersured by 
titration 96 monobesie acid. “16 computetiona follow: 
m 2 nO. of molecules of Mmrobeatc acid formed oer 
seesnd in thw irretieted Licuid ore than the 
mumber in the liquid not irredisted. 


n @ no. of ionensirs forme’ ptr a@eon4t ty e>sorption 
of the Bete end gamma rays. 


‘xperimente1 fetults (f<*) Computed: 
nm 3 A 13 n/n 
Pure Jenzerl ‘leohol %. x1? f.0xr10 1.7 
Faure Seay] *leonel sf’? 4s7xic’? ote 
in enzene 








These commuted reguits are undow>tedly in error, since 
Tailen essumed thet, in commuting the ion peire produced, 
the srecifie Lomizetion of Dete and gommr reyes if the sene 
es thet of Blphe reys, *#@uaed in borayl eleokhol to be thet 
of benvene, 1.29 (fcotncte). It 19 evidert, therefore, 
thet Nie figure eiven for “mn” Le gueh too lerpo, thet “m/n* 
is @uch erecter ten reported, end tet a cheiv reeetion is 
oecurring,, ectelyead py the sheorved reiictions tis is to 


D8 @xpeeti ed, Sue to the asutooxitebive neture of Dene) 1 sleohol. 


Kedlen’s resuita, *li*ough erronesus, do #upsett thet 


preacticollp elf of the ea>@orhed refietion in serchie benzyl 





' 7 SOE 
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@lcohol is expended in excitine tre sutonoxt tation of the 
solvent. ince, s4 ectiuted in pert c, Tonie Yield, leucos 
eyemide photolyois# if slao eapedle of secounting for ae large 
portion of the sbeorbed @nerey, probe>ly the leucceyani4e 
sets 2a n protective agent in b@anrl alerhol, dreining off 
the @xerss onerey from te activeted solvent Sefcre permen+~ 
ont elteretion of th® Solvent Wolecuise cceurs. ‘ more dee@ 
teiied inveetiewtion is reeulired, however, “eforr the 





neture of the rroeseé is cearetle of int@rcretstions 





Footnote: uote: "Ferner wurde die aposifiache lonisation 
der sete ‘wna der game ired.ion anes eross wie die der 
elpine 'tredien engenommen ..e.. Unevote, (F-<3) 


~~ _— — 
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Siqme for Peaure bork: 
Vinee ep reoid amd simele @etho? of oreprring lerge 
cuantitier of pure leucocyssited of trichenyloeti.cne ives 
had Deen GAveloned (Aopendix +), it 1m possible to suggest 
aeveral svemee of future work: 

(e) “Seiler studies of the leucoepenides and of other 
of the triphenylmetiione dyes. 

(s) The pr@neretion end irreéiaticn of benzyl sleehol 
eolutions of umleclite preen leucocyroide of high eoneentra- 
tion in order that the curve of sreeifie color yield ee ree 
late@ to leweecyscite concentration moy te fully Ynewn 
(Fasgure V}, in order to estimete the maximum fonie yield 
peasitle. 

{e) The inventigetion of the reletive efferets of 
Gelimee and xereys, ‘eta and siphe perticliesn, neutrons end 
rotitroms utor sensitive leucoeyonide Solutions unter very- 
ime comf{ittiors of temoerrture, oxygen tension, dose reste, 
ana type ef solvent. 

(2) With the above knowledge, the development of 
ectcureie fcbimetriec solutions and «ele ecpeble of colori-~ 
metric interpretetion. 

(@) An investigetion of sufficient theoretics! desth 
to fevelop s theory edenuste to explein the neture of the 
eneray transfer orecesa from the solvent to the dissolved 


leucceyei4e moleerles. 


ee ae 
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Glossary of Abbreviations: 


S = BZ0OH Benzyl Alcohol 
AA® Acetoacetic Ester 
Acet Acetone 
5eAcOH 5 drovs per 5 cc. Glacial &cetic Acid. 
5<HCl 5 drops per 5 cc 0.04 N HCl. 
GW Soft Glass Wall Container. 
SW Silicone 'Dri-Film' coated Containers. 


MGCN Malachite Green Leucocyanide in gram moles per liter. 
MGH Malachite Green Leucobase in gram moles per liter. 
e = dye concentration in micromoles per liter. 

( 1 mole malachite green oxalate is 2 moles of dye). 
@¥ - @ Transmissivity at 6400 Angstroms, 1.005 cm. optical 


4 


rs) 


path, compared to doubly distilled water. 
Adj. €@T = % Transmissivity assuming @T ® 100.0 ac = 0.00 


D = Optical Density. 


(Sum D / sum c) from c = 0.10 to 40.0, a weighted constant 
according to Beer's Law. 


K 


L =(sum net c / sum 1000%d), specific dye yield in micromoles 
per liter per 1000rd. 


r/min = calibrated air dose in Roentgens per minute. 
r = Total calibrated air dose. 
rd = Adjusted air dose, r x d. 


d Solvent density in grams ver em, 


T = Temperature in © CG. 


Age = Number of hours elapsed between mixing and spectro-~- 
vhotometric reading. 











Tabulation I- Color Standards 


De [Ft Pais 
































, &T & 6400 mn = 














































B20H 0.000 96.2 00.9 320H 0.000 (94.6 100, O 
1A.BOH |} 0.010 97.0 Dn SWeOH | 0.010 (93,2 | 9@07 een 
GW 0.032 P6.0 GW OmO52 |91.7 | 9765 | eum 
Age24 O.100 P5.9 Agel7O| 0.100 /91.4 GT we 
O.316 93,4 Ome (Games | Steere 2037) 
1.000 85,0 TeeeO -172..2 Ae vis 615 
Bmore 72.2 3.162 {52.0 55.5 | Weer 
TORCOO Fem6. 10,000 8.69} 19.9 ¢(o2 
31.62 |6,8 ) £0367 31.62 O.70!] O74 [2.128 (0.0708 
O35 80.0 0.19] 0.20 [2.695 
Bz0H 0.00 §5.0 _| |Aeet 0.00 |96.0 {100.0 | .0 
5-HCl | 0.08 94.) 5-HC1l1 | 0.08 (94,8 | 98,8 005 
GW One pe] GW O.16 (902.5 | 97.5 )\egaee 
AgeS Ome® l.0 Age 5.10.20 (Gae7 | 96.6 O15 
Owes *92.8 0.40 90.2 94.9 5027 
Ceo. ,.8°.1 O.80 B44 .8 ie ret 0 54 
e200 (4.0 1.60 F.4 ects. ~103 
PEOO HR2k° 20 [one | Ae .132 
4.00 63.8 4.00 52.3 | 54.5 | . 264 
S50 £1.6 2.00 22. | Sane ~535 
16,00 5.4 6.00 Wan a 8.0) I .Ger 
20S ee t Ore Zi 3 0.00 2,3 3.9 f.409 0.0686 
49.90 [0.2 ose On.5 0.3 pP.468 
BzZOH 0.900 $1.6 AAT O.90G. 94.0 OG ae. 
S—4C1 | 0.066 $1.6 5=HCl |0.066 94.0 hoo. LO 
SW 0.164 BF.9 GW 0.164 Be2.° | 98.1 009 
Age44 | 0.410 B46.0 : Ase44 |0.410 B9.3 195,09 ie 
Tee rs .9 a 1.024 BC.8 | 86.0 066 
22550 68.2 “i CS 6 ee ee lati: ves , 
i 5 58 i | eel 5.00 Teor | Glee © GL . 
#0O.90 10.26 | 6.22 12.547 10.0688 40.00 0.48 | 0.51 2.292 0.0618 
AAT O.000 195.0 1190.0 10 
5S-HCl; | 0.066 {94.2 | 99.2 | .004 
SW Omer (82.1 | 97.0 Poul’ 
Age44 O.410 [29,2 04.0 foe 7 
feet | 62.2? Cif 5 067 
2.500 166.3 AQ .B 4 Asie 
4.40 aS | ~ 246 
Memo |Voet | Tiel 793 
AO .00 mee!)  0.9512.024 |a.0os514 
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BO BZOH 5-ACcOH 0190.9 [100.0 0, 0.00 
BC BZOH ,O.O1LLOMGCN om O OMer.o | 735.7 104 | 1s O.00 
5-AcOH EE | eer 
Bel B20OH ,O.O1LLOMGCN | 45 | 4050 4225) 61.7 | 67.8 » 169 |.2641 0.22 (Acid added 
O=-ACOH | .  pfter irrad. 
p=? BZOH ,O.O1]12OMGCN | 45 | 4050 4225) 58.8 | 64.7 o'e9 | 2.70 O.29 Acid added 
5-AcOH a@fere irrad. 
Bel-A Reirradiation of! 45 | 8100 8450/51.6 | 57.4 0241 | 3.44 0.23 
Ie =] 6 
mn’ = OLC7ee 
1O-0-2)AAE ,5-HC1l GW O O @| 95.0 100.0 518, 30 0.00 
— L1O-V-2\AAE ,0O.O16MGCN O O O72 .0 | r+ sii | eee O.00 
| HeHClL GW 
| 10—X-2AAE OM oh 45 |}4050 | 4150:173.2 | 78.7 - 10% | 14970 .0% 
K = 01.0610 


O09 °ON eSeg 


Tabulation III-200 Kev X-rey Teste. Page No. 61 
All tests were made as expleined in Part (2) of X-ray 


and Gamma Ray =xverimentation. 


An initial series of tests were run using very impure 
malachite green leucocyanide in benzyl alcohol. Before 
accurate readings could be taken, the color had badly faded 


an the presence of acid, indicating free cyanide impurities. 


An earlier series of qualitative tests showed thatless 
color than was measurable was formed in absolute methanol 
wnen 0.003 gram moles per liter of leucocyanide was in sol- 
ution, with an air dose as great as 5000 r. 

Similarly, even with more than 0.02 moles per liter of 
leucocyanide in solution in glacial acetic acid, 9900 r air 
dose failed to produce color typical of malachite green. A 
brown color was formed, but it was not that of malachite 
green. 

A third series of tests, with glacial acetic acid as 
the solvent, 9900 r air dose, demonstrated that X-irradiation 
Slightly accelerated the typical oxidation of divohenylamine 
to a pink dye~-- when mixed with leucocyanide, the oxidation 
was catalysed without irradiation and was tremendously cata- 
lysed with irradiation. This appeared in this case to demon- 
strate the efficacy of malachite green leucocyanide as an 
active participant in the vhotodynamic process (G-1, p.1145). 

In the following tests, samvle color fading in benzyl 
alcohol was not avpreciable over a period of one week after 


irradiation. 






— a 5 ,. — a f%, er Fo ~~. 7.4 
ce al / JS |) 4 | mm Acorn eal; | a i. en ae ar 2 ay | 
elt re) i ean | oa” Lt q NZL, ler TN =x ! ! bt i 
ad ont Se ee DO 4 G2D7U WwW tk om Ve 






L-1 3zZOH 5-HCl MGCN 9.01842 m/1 
H-1 Bz0H 5-HCl MGCN 0.00921 m/1 
N-1 32CH 5-HCl MGCN 0.00460 m/1 
O-1 Acet 5-HCl MGCN 0.01758 m/1 
U-1 32CH 5-HCl MGCN 0.03000 m/1 
V-1 BzOH 5-HCL 

(Note=- Runs 5 to 8, undetermined amount of extra scatter in 
excess of 10% inadvertently introduced in geometry.) 







Series II 4-24-51 T 25°C K = 0.0700 320H 5-HC1l 
0.0610 AAE 5-HCl 


Benzenee#MGCN irradiated without acid. All irradiated 
samples received 4000 r air dose, at 400 r/min. 
Adjusted air dose rd ° 
BzOH 4170 ra 
AA 4100 rd 
BZ 3515 Ya 


Series III 5-2-51 T 25°c K = 0.0700 Bz0OH or Acet 5-HC1l 
0.0610 AAZ S-HCL 


All drradiated samples received 4000 r air dose & 
400 r/min. 
Adjusted air dose rd ;3 
BzOH 4170 rd 
AA 4100 rd 
Acet 3170 rd 
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O-L-1 Bz2OH 0.01842 GW 
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Teeuetien Til, Series III 200 Kev Xsray Tests 
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101-0-3|3820H .O525MNGCN [4000/4170 |46.5 ae ~411| 4 10.044 sa 
4 "  BGCN O 188.1 Ge. 4 O34 | ete SW 
7 B2CH MGCN Oe iesee 1100.9 SW 
11 3Z0H .O5S25NGCN A170 a4 1 46.5 342 | eee a 1 esi GW 
12 . 8 MGCN O (a7 .0 eT. S 20371 0.53 GW 
4 320H MGCN O iG4.5 1100.0 Giy 
01=-L-3/220H .02 MGH |400/4170 j17.4 18.3 M7 10.55 «|ON877 SW 
dy 32z0H .02 MGH O {18.3 19,2 Sere on | Sy} 
q 3 20H O 195.0 [190,0 SW 
peal 82Z0H .92 MGH 4170 115.2 14.0 726 112.75 10.276 | GY 
12 BzOH .O2 MGH O 118.3 | 19.2 1715110.21 Ge 
hag 8208 O 195.0 [190.0 CW 
O1l-M-3/Acet .02 \MGH 40013170 |23.0 eel -618 | 8.83 (0.262 SW 
dy Acet .92 MGH Or a5. 3 127.5 ~560 | 2.90 ow 
id Acet Q O5. 2 OO .0 3M 
pal Acet ,02 MGH S170 6.1 15.9 773 \awOs” 10.959 | GH 
12 Acet .O2 MGH DO 126.3 | 27.6 ~ 500 | #00 om 
3 Acet 9 |95.4 00.0 GW 
O1-N-3/AAE .02 MGH WHO 14100 120.8 11.3 2046 115.48 0.286 | SW 
| 4 AAR .02 WGH 0 i1%5 |24.2| .848 j13.°90 CW 
7 AAE @ 195.2 200.0 SW 
1 Af «6602 )«€6MGH He | 261 ak. 7 .897 114.70 0.242 GW 
12 ALE .O2 MGH O |lms 14.6 yo Mes al GW 
13 AA® Oo 195.4 [100.0 GW 
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Vee only C17. Pengenie ond tbeolute ‘olvents. 
1) To a eold filtered 1 percent soverus solution of 2.37 erens 
of Maleclite Green Orsiste, aa © eold astureted Eolution of 
leS @rame of Ecl, “oOllect the orecipitnie, weah vith d15- 
tilled weter. 
2) Pkasolve the erate precipitete in cola 10 "cl, Pilew to 
stend Vit! Gixing for ow Soeur. ‘reeloiiste carefully with 
e014 Of WOH. The Leveceyenife will preeloitete before 
complete decolorizetion of the soiution. “cllect, weeh end 
pir drr precinitete *t room tespersture. 
3) Under reQuced illuminetion, (red @efelicht) Nasolve the 
cruges Lencoarermide in WOce of on azeotronie Mixture of 
Tthyl Scetete ond Netw] 'leshol (50° ur velume}), filter. 
td BD ce of Methyl] sleohol, lee tewtone, omd 1 or ? drops 
of Tleeiel ‘eetic $eid. Pe l@ly distil off 110 ec of the 
mixture, cool th® réamainmler util eryatellization, with rmasia 
Mixing, is commlete. Collect erystels, wae om Tilter with 
Wee “ethyl tleoml. “ove filtrete. 
A} “Cepest (3) seven or sieht tlows to remove 211 ireeee of 
COlor. eer for free gyarido, with MEO as in oc. eBleoholic 
Bolution, In acilified wolwtion, »® preciritete inilertes the 
oretebis ereserce of cranide. 
*) Yefues #11 Tiltretee by evarorsticn, of im pert (3), ree 
cover leucacecni4e by (4). 


S) tfter finel reerpetellicetion, esllect om Cilbter, Gry in 
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Vagus et rooe Kemipersture. wr. 176°C, Theor, Tield 1.77em, 
7) Thia procedure te Aewignet to remeve 611 fret cyenide im 
puritier emf +11 weigetret coler contewinetion. Tt will net 
remove colpouils G1eiier in suluiility epé chemier] eterility 
to the leuenepeniée. Tita method of precereiicn Wwuld saply 
to eli of the Grigumyleethens aye Lencsermad ten. 
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